Ciona intestinalis. They found that BTNs arise from precursor cells that originate in the developing CNS and migrate through adjacent tissues before differentiating to form mature neurons. Furthermore, the authors discovered that BTNs have a similar function to sensory neurons in vertebrates. This study is a good complement to previous work 3 demonstrating that precursors to pigment cells are also present in ascidians. These precursors normally remain in the CNS, but can be induced to migrate through misexpression of just one gene, Twist. Taken together, these two studies point to the intriguing hypothesis that the evolution of vertebrates might have involved precursor cells in the CNS of a chordate ancestor gaining the ability to form many cell types -having already developed differentiation programs for forming some neural-crest derivatives, including sensory neurons and pigment cells. Moreover, by demonstrating that BTN precursors migrate from the CNS before differentiating, Stolfi et al. provide evidence that these cells have analogous traits to two major characteristics of the vertebrate neural crest.
The authors also found that BTN precursors have similar genes to those that encode the vertebrate transcription factors Neurogenin and Islet, which are both required for the formation of sensory neurons. However, the cells do not express all the genes expressed by the neural crest, raising the possibility that BTN precursors represent an intermediate cell population capable of some, but not all, neural-crest-like behaviours.
In contrast to ascidians, more-primitive chordates such as amphioxus, a cephalochordate, lack any precursor cells with neural-crestlike characteristics. These species do, however, have neurons and pigment cells 4 . Moreover, the genomes of all invertebrate chordates, including amphioxus 5 , harbour genes that are similar to those involved in neural-crest formation in vertebrates. Thus, vertebrate . But less intuitive is the discovery by Hoshino et al. 4 , described on page 329 of this issue, that seeds can influence the soil before their arrival, sending out extracellular vesicles called exosomes that precondition specific organs for metastatic invasion.
There is growing support for the provocative notion that a build-up of systemic responses to a primary tumour might precede, and even enable, the eruption of metastatic cancer. These responses might involve complex alterations in the body's vascular, coagulation and inflammatory systems -for example, cancer-related changes in the composition of soluble proteins, in cell populations 3 or in the characteristics of exosomes 5 in the blood. Hoshino et al. define exosomes as small extracellular vesicles 6 -membrane-bounded compartments that transport proteins, lipids and nucleic acids 7 from one cell to another, and which can travel considerable distances in bodily fluids or the bloodstream. This information-transfer process has attracted considerable interest in cancer research, because some extracellular vesicles carry cancercausing genes called oncogenes, or oncogenic proteins that promote cancer formation and disease progression 8 . The involvement of extracellular vesicles, including exosomes, in metastasis has been studied for some time 9, 10 , and contributes to several key events that prepare a distant site for colonization -a process called premetastatic niche formation 11 . For example, in a mouse model of melanoma, contact between exosomes and the capillary wall triggers vascular permeability, which enables cancer cells to escape from the blood vessel into a new site 5 . In addition, these exosomes can transfer the oncogenic MET receptor protein to circulating blood cells called myeloid cells, altering the cells' behaviour such that they condition premetastatic sites for subsequent colonization by cancer cells 5 . In pancreatic cancer, circulating exosomes transfer migration inhibitory factor protein to immune cells called Kupffer cells in the liver, triggering a cascade of events that results in premetastatic niche formation 12 .
Although these results indicate that exosomes can promote metastasis in general, whether and how exosomes are involved in organ-specific metastasis has not been extensively investigated. To explore this question, Hoshino et al. asked whether cancer-cell types known to preferentially home to the lung, liver, brain or bone might produce exosomes that selectively interact with the same organ. Remarkably, this is precisely what they observed. When exosomes from cancer cells were injected into mice, they became lodged in the organ to which those cancer cells are prone to metastasize. Furthermore, the organseeking exosomes interacted with different cell types. For instance, exosomes that targeted the lung became lodged in the epithelial cells that line the organ's interior, whereas liver-targeting exosomes entered Kupffer cells.
Hoshino et al. injected mice with exosomes followed by cancer cells from the same cell line, and demonstrated that the exosomes promoted organ-specific metastatic growth. They then made a tantalizing observation -exosomes taken from breast-cancer cells that metastasize to the lung could redirect another cancer-cell population to disseminate in the lung, when it would normally home to the bone. This discovery strengthens the notion that the metastatic characteristics of cancer cells are not autonomous, but can instead be influenced by external factors.
The authors provide several clues to how exosomes orchestrate organ-specific metastasis. They found that exosomes targeting different sites displayed different cell-adhesion receptor proteins called integrins on their surface. The integrin profile of each exosome subtype facilitated its uptake into organs in which an abundance of ligand for that integrin was produced. For instance, α v β 5 integrin directed exosomes to the liver, whereas α 6 β 4 promoted homing to the lung (Fig. 1) . Furthermore, inhibiting the exosomal expression or binding of integrins limited organ-specific metastasis. Finally, the authors found evidence that invasion of target organs by exosomes triggered the production of S100 proteins, which promote inflammation and cell migration, and activation of the protein Src -responses that precondition host cells for metastasis.
These fascinating observations expand our understanding of organ-specific metastasis. However, further investigation is required to establish whether and how this knowledge can be put to practical use. The authors demonstrate that integrin expression might predict metastatic spread, pointing to the possibility that exosomal integrin profiles could be used in cancer diagnostics. Their data also indicate that integrin inhibitors might curtail metastatic spread to specific organs. But in many cases, advanced cancers disseminate to several sites 3 , limiting the potential of therapeutics that work in an organ-specific manner.
It is also worth considering that the molecular pathways that induce metastasis, both exosomedependent and -independent, are probably extremely diverse. As such, they might be triggered by many context-specific factors: the activation of differentiation pathways in cancer cells; the emergence of a particular molecular subtype within a tumour; therapeutic interventions and more. For example, the incidence of brain metastasis differs between molecular subtypes of breast cancer, and tends to be higher in those driven by the oncogenic protein ERBB2, even after effective treatment with ERBB2 inhibitors 13 . Whether, and how, ERBB2, its antagonists and the therapies used to treat ERBB2-driven cancers might influence the emission of organ-seeking exosomes is unknown, and is of great interest. Similarly, inflammation, abnormal clotting and other cancer-associated changes in physiology might interfere with the organ-seeking mechanism of exosomes and cells -and must be taken into account when analysing routes of metastasis. Thus, much remains to be understood about the fascinating part that organ-specific exosomes might play in fertilizing the metastatic soil in different human cancers. ■ 1 show that rats with spinalcord injury can recover substantial motor ability when treated with a new type of electrical-stimulation therapy.
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Rehabilitation from spinal-cord injury relies on the damaged nervous system adapting over time. For example, when a person with motor defects in their arm repeatedly practises hand grasps, their ability to do this improves as a result of changes in neural circuitry. This alteration in nervous communication patterns and connections to regain function is called neuronal plasticity. Therapeutic approaches that encourage neuronal plasticity therefore have the potential to improve recovery when combined with more-conventional rehabilitation strategies.
In one such approach, known as electrical stimulation, a barrage of electrical excitation is given to undamaged spinal-cord projections (called fibres) and the neurons that they target, boosting the body's own weak electrical inputs to these circuits. In addition to promoting neuronal plasticity, this technique can help to uncover latent motor functions that are presumably inactive owing to insufficient levels of excitation. For example, it has been used to demonstrate 2 that even people with 'complete' spinal-cord injuries (who are paralysed below the level of the injury) retain some latent functional potential.
In the mid-twentieth century, the neuropsychologist Donald Hebb predicted that the synaptic connections between neurons can be altered, becoming stronger or weaker depending on the timing of their activation 3 .
If the presynaptic neuron is activated before the postsynaptic neuron, then the synaptic connection is strengthened, increasing activation of the postsynaptic neuron in response to signals from the presynaptic neuron. This theory is summarized in a modern maxim 4 : "cells that fire together, wire together. " Thanks to improvements in microelectronics, it is now possible to create small devices that record electrical biological signals and then use those signals to trigger rapid electrical stimulation in the nervous system, allowing Hebb's theory to be tested directly in living organisms. A pivotal 2006 experiment 5 in monkeys demonstrated that artificial coupling of areas in the brain's cerebral cortex can alter the function of the connected neurons. More-recent studies [6] [7] [8] [9] have begun to explore whether timed stimulation can strengthen synaptic connections in the brain and spinal cord.
McPherson and colleagues experimented with a variation on this technique in injured rats. They recorded an electrical signal from muscle that indicated that the rat was in the process of contracting that muscle, and used the signal to trigger an electrical-stimulation pulse in the spinal cord (Fig. 1) . They hypothesized that, in this way, voluntary commands to induce muscle contraction (which are transmitted from the cerebral cortex and perhaps from other brain centres) would arrive at motor neurons in the spinal cord shortly before the neurons were activated by the stimulation pulse. This would strengthen the synaptic connections in the spinal cord. Once the connections had been strengthened, the voluntary commands from the brain might be sufficient to drive muscle contraction on their own. First, the authors injured one side of the spinal cord of rats. This resulted in paralysis of the forelimb on the injured side, followed by limited natural recovery. The researchers then inserted micro wires into the spinal cord, below the level of the injury. Such micro wires can stimulate neurons, and even movement, with extremely low electrical currents (approximately ten times lower than that needed for neuronal stimulation at the surface of the spinal cord), allowing specific activation of motor neurons 10 . Wires were also implanted in forelimb muscles to allow recording of electrical signals and were used to trigger spinalcord stimulation.
Six weeks after spinal-cord injury, the rats were unable to reach and grasp a small food pellet with the affected forelimb. All the animals were severely impaired, achieving only about 13% of their pre-injury scores in this reaching task. Over 
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By electrically stimulating the motor neurons of rats that have spinal-cord injury, in bursts that are attuned to the times at which the neurons receive voluntary motor commands, the animals' recovery can be improved. 
